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Abstract
Background: The association between anxiety and depression, and eczema is well known in the literature, but factors 
underlying this association remain unclear. Low levels of omega-3 fatty acids and female gender have been found to 
be associated with both depression and eczema. Somatization and health anxiety are known to be associated with 
anxiety and depression, further, somatization symptoms and health anxiety have also been found in several 
dermatological conditions. Accordingly, omega-3 fatty acid supplement, female gender, somatization and health 
anxiety are possible contributing factors in the association between anxiety and depression, and eczema. The aim of 
the study is to examine the relevance of proposed contributing factors for the association between anxiety and 
depression, and eczema, including, omega-3 fatty acid supplement, female gender, health anxiety and somatization.
Methods: Anxiety and depression was measured in the general population (n = 15715) employing the Hospital 
Anxiety and Depression Scale (HADS). Information on eczema, female gender, omega-3 fatty acid supplement, health 
anxiety and somatization was obtained by self-report.
Results: Somatization and health anxiety accounted for more than half of the association between anxiety/depression, 
and eczema, while the other factors examined were of minor relevance for the association of interest.
Conclusions: We found no support for female gender and omega-3 fatty acid supplement as contributing factors in 
the association between anxiety/depression, and eczema. Somatization and health anxiety accounted for about half of 
the association between anxiety/depression, and eczema, somatization contributed most. The association between 
anxiety/depression, and eczema was insignificant after adjustment for somatization and health anxiety. Biological 
mechanisms underlying the mediating effect of somatization are yet to be revealed.
Background
The field of psychodermatology addresses the interaction
between skin and mind, and the association between anx-
iety and depression, and eczema is well documented in
the literature [1-8]. However, despite of numerous
hypotheses, there is still surprisingly little empirical evi-
dence for mechanisms involved in this association.
Omega-3 fatty acid level has been suggested to be a
possible contributing factor in the association between
depression and atopic eczema [7]. This hypothesis is
inspired by reports of low levels of omega-3 fatty acids in
blood and development of atopic disease [9], and reports
of low dietary intake of omega-3 fatty acids and depres-
sion [10-12].
Timonen and colleagues have suggested that the associ-
ation between atopic disorders and depression is limited
to females only. This is based on their findings in two
large, population-based studies, where women suffering
from atopic diseases, compared with nonatopic subjects,
were found to possess an elevated risk for developing
depression [7,13]. A corresponding association was not
found among males. Timonen and colleagues also pro-
pose that parity and female hormones may contribute in
the association between depression and atopic disorders
such as eczema [7,13]. This is based on reports of associa-
tions between parity and gestational age, and atopic dis-* Correspondence: ma-klokk@online.no1 Department of Adult Psychiatry, Aalesund Hospital, Helse Sunnmore HF, N-
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and depression [15].
A substantial part of the psychodermatological litera-
ture has focused on atopic forms of eczema, and many of
the above referred hypotheses concerning possible
explanatory factors for the association between anxiety
and depression, and eczema presuppose the involvement
of atopy (elevated levels of IgE, in addition to "atopic
symptoms" [16]) as a part of the aetiological chain under-
lying this association. On this basis, we considered IgE
levels as a possible explanatory factor in the association
between anxiety, depression, and eczema, but we recently
published that there is no association between IgE levels,
and anxiety and depression [17]. On the basis of this nil
finding, IgE levels cannot be a mediating or confounding
factor in the association of interest. Therefore, we
decided not to include analyses of IgE in this manuscript.
According to Koo and Lebwohl, disfiguring skin condi-
tions can lead to psychological problems such as
decreased self-esteem, that may lead to depression or
symptoms of social phobia [1]. Several reports have
emphasized psychological mechanisms beyond anxiety
and depression, that may contribute in eczema: Eczema
may be worsened by emotional stress [1], and some
reports claim that eczema patients are more prone to
express psychosomatic symptoms than normal controls
[18]. According to a recent review by Gupta, a wide range
of somatization-related symptoms are found in dermato-
logical patients [19]. A according to the World Health
Organisation (WHO)'s International Classification of
Diseases, 10th revision (ICD-10), somatization is a men-
tal disorder characterized by experience of somatic symp-
toms without known organic etiology, where symptoms
often spread across organ systems, and vary over time
[20]. Whereas, somatization disorder is rare in the gen-
eral population, sub-clinical tendency of somatization is
common. There are also reports of higher prevalence of
hypochondria symptoms in eczema patients than in nor-
mal controls [21]. Hypochondria is an old clinical con-
cept referring to exaggerated health anxiety (health-
related worry and fear) and inadequate beliefs of suffering
from a serious medical disease [22]. It is well known that
anxiety and depression often are associated with both
somatization and health anxiety [23-25], but, according
to ICD-10, comorbidity with anxiety and/or depression is
not a criterion for the diagnosis of somatization disorder.
Due to the reported associations between eczema, and
anxiety, depression, somatization and health anxiety, it is
possible to suggest that somatization and health anxiety
could be contributing factors in the association between
anxiety and depression, and eczema, but as far as we
know, this has not been previously investigated.
Most studies within the field of psychodermatology are
based on clinical samples, commonly recruited from der-
matological clinics. Such studies are often criticized for
low statistical power and multiple selection biases. On
the other hand, the advantage of clinical studies is the
presumed good reliability of diagnoses of eczema, anxi-
ety, and depression. Compared to clinical studies, epide-
miological population-based studies are less vulnerable to
selection bias and are commonly more generously pow-
ered. There are few epidemiological population-based
studies within the psychodermatological field; among the
exceptions are Timonen and colleagues [7,8,13,26].
Despite the broad range of hypotheses concerning the
association between anxiety and depression, and eczema,
empirical support is scarce for most of them. The aim of
the present study is therefore to examine the relevance of
proposed contributing factors for the association
between anxiety and depression, and eczema, including
omega-3 fatty acid supplement, female gender, health
anxiety, and somatization.
Methods
Participants and data collection
The Hordaland Health Study (HUSK) was conducted as
collaboration between the National Health Screening
Service, the University of Bergen and local health services
of Hordaland County in Norway. All individuals born
1953-57, who resided in Hordaland County on December
31, 1997, were invited to the HUSK study. The target pop-
ulation counted 29400 individuals [27]. A total of 18581
(8598 men and 9983 women) both answered the first
questionnaire and came to clinical examination. A ran-
dom sample of about 6300 individuals born 1950-1951,
that participated in a previous (1992-93) health study in
Hordaland, were also invited. Finally, 18581 individuals
born 1953-57 (participation rate of 63%), and 4849 indi-
viduals born 1950-51 (participation rate of 77%) attended.
In the present study, we included only those who came to
clinical examination, and returned the second self-report
form, further excluding those without valid responses on
eczema and HADS variables (about 33% of the partici-
pants). Thus the final population consisted of 15 715 indi-
viduals.
Data collection in HUSK was performed over two
steps: First, participants were mailed a questionnaire and
an invitation to a health examination (measuring blood
pressure, height, weight and hip-waist ratio), where also
blood samples were taken. After handing in the first form
at the examination, the participants were given one of
two versions of a second form to be returned by post in a
prepaid envelope [27].
Measures
Anxiety and depression
The Hospital Anxiety and Depression Scale (HADS) is a
self-report questionnaire comprising 14 four-point scaled
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sion (HADS-D) [28]. To avoid false positive cases in con-
text of somatic diseases, no somatic items or items
regarding sleeping difficulties are included. In accordance
with the findings on anxiety disorders and depression in
the National Comorbidity Survey [29], the HADS compo-
nents of anxiety and depression shares 30% variance [30].
According to a recent literature review covering 31 stud-
ies, HADS has shown good case-finding properties for
anxiety and depression in patient populations in primary
care and hospital settings [31]. A cut-off score of 8 on
both subscales was found to give an optimal balance
between sensitivity and specificity, both at about 0.80, for
depression and anxiety according to DSM-III and IV,
ICD-8 and 9. This is similar to the sensitivity and speci-
ficity of the General Health Questionnaire. According to
previous use of the HADS scale, anxiety and depression
were operationalized in two ways: By employing cut-offs
(cut-off score of 8 on both subscales), four groups were
identified as current anxiety only, current depression
only, current comorbid anxiety and depression, and a ref-
erence group (no disorder) [32,33]. Further, anxiety and
depression symptom load was measured continuously
employing HADS anxiety and depression sum-scores
[17].
Eczema
The eczema diagnosis in HUSK was based on self-report
questions extracted from three epidemiological studies
concerning hand eczema [34-36]. The use of self-report
for eczema has been validated against dermatologists'
diagnosis [37,38]. The self report question "have you had
hand eczema on any occasion during the past 12
months?" was validated in different occupational groups
[38] and resulted in 10-12.5% false negative cases com-
pared to diagnoses established by dermatologist. This
corresponds to a sensitivity of 53-59% and specificity of
96-99%.
HUSK contained dichotomous questions about eczema
similar to the self-report question used in the above
referred validation study: "Have you had eczema (red,
itching, sensitive, or fissured skin) on any occasion during
the last year?" Responses were recorded with reference to
hands, face, and body. The eczema variables were opera-
tionalized as any eczema, number of areas affected, and
hand, body and face eczema separately. A broader use of
the eczema concept has been suggested in the revised
nomenclature for allergy for global use. According to this
nomenclature, the term eczema is considered to be a gen-
eral term comprising both atopic and non-atopic ecze-
mas, further sub-classification of eczema will require
determination of underlying immunological mechanism
[16]. However, in the current study eczema questions are
general and further sub-classification beyond report of
body area involved is restricted.
Socio-demographic variables and health related behaviour
Socio-economic factors and health-related behaviours
are shown to be associated with both skin disease [39]
and anxiety and depression [40,41], thus socio-economic
factors might confound the association of interest. In
addition, female gender has been suggested by Timonen
and colleagues to moderate the association between
eczema and depression [7,13]. Consequently, we adjusted
for gender (data from public registries), marital status
(living with a partner or not), current smoking (dichot-
omy), household income (three levels), education (three
levels), and main occupation and industry, classified
according to Standard Classification of Occupations
(ISCO88), and Standard Industrial Classification (SIC94)
[27]. Different kinds of "wet work" (for instance work in
health care sector, hair dressers or cooks) are also among
the occupations included in this classification.
Physical health in HUSK
Somatic diagnoses of stroke, myocardial infarction,
angina pectoris, multiple sclerosis, asthma, diabetes mel-
litus, hay-fever, bronchitis, osteoporosis, and fibromyal-
gia were registered as dichotomies. In addition, all
current pharmacological treatments were registered in
open questions, also with responses for which somatic
diagnoses treatments were used for [42]. Common
responses like dietary supplements and alternative phar-
macological treatments were not included. From this list
131 common, non-acute conditions were identified,
including haematological, cardiovascular, gastrointesti-
nal, urogenital, hormonal, neurological, respiratory, neo-
plastic, immunologic, and infectious diseases. All
responses were encoded according to the Anatomical
Therapeutic Chemical Classification System (ATC) [43],
and the International Classification of Primary Care
(ICPC) [44], by a scientific committee. An index was
computed as the number of somatic diagnoses based on
the above information (9 self-reported somatic diagnoses
in addition to 131 somatic conditions that involve phar-
macological treatment). As the diagnosis of fibromyalgia
is symptom-based, thus touching on to the construct of
somatization, we included it as a separate dichotomy (as
opposed to be included in the indexes).
Somatization and health anxiety (Whiteley Index), measured 
in sub-sample I (n = 7024)
In HUSK, participants were asked to indicate any pres-
ence of 13 somatic symptoms from the ICD-10 symptom
criteria for F45.0 somatization disorder, and rate them as
to frequency scaled from 0 (almost never) to 4 (all the
time). One of these involved skin symptoms and was
omitted in this context to avoid circularity. To conserve
variance in the data, a mean score of responses across the
remaining 12 items was computed for every individual,
and the mean score represents "somatization" in the indi-
vidual. This somatization symptom score will, however,
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specific to symptoms relating to somatization, we adjust
all analyses for somatic diagnoses and medication for
somatic conditions (described above) before including
somatization in the models. Our Index for somatization
should not be compared to validated instruments for the
diagnosis of somatization disorder. Our index for somati-
zation was used as a dimensional measure (using a mean-
score of the 12 items) for tendency of somatization. How-
ever, this dimensional measure for somatization has also
been used in previous publications [33,45].
The Whiteley Index [46] is a self-report scale on hypo-
chondria and health anxiety consisting of 14 items, and
has sensitivity and specificity rates of 71% and 80% for the
DSM-IV definition of hypochondria [22,45]. The White-
ley Index has been found to be a valid screening instru-
ment in the assessment of hypochondria disorder [22],
but in this study it was used dimensionally to allow maxi-
mum variance and we describe it under the term "health
anxiety"[45]. In HUSK, the Whiteley Index was distrib-
uted to a sub-sample only; hence adjustments for health
anxiety were performed in a sub-sample including 7024
individuals (sub-sample I).
Omega-3 fatty acid supplement
Cod liver oil (containing on average 1.2 gram omega-3
fatty-acids per 5 ml) supplement was measured by self-
report of numbers of months with daily cod liver oil
intake, during the last year.
Hormonal replacement therapy, hormonal contraceptives, 
and parity
For women, we included self-report of parity (0 - 5 or
more children), current use of hormonal replacement
therapy (HRT) (Oestrogen tablets or plaster), and current
use of hormonal contraceptives (P-pill, or Mini-pill or
Hormone-spiral).
Statistical analysis
Sample characteristics were examined by descriptive sta-
tistics. Chi-square statistics were applied when exploring
differences in sample characteristics between men and
women. Pearson's correlation coefficients were calculated
to examine correlations between health anxiety, and som-
atization, and between anxiety/depression, and health
anxiety and somatization.
To test hypotheses of associations between anxiety and
depression, and eczema, logistic regression analyses were
applied. Anxiety, depression, and co-morbid anxiety/
depression were included as dependent variables, and
eczema as independent variable. Linear regression was
used to compare the strength of associations between
eczema and somatization, eczema and health anxiety, and
eczema and anxiety/depression. Effects were given as
Odds Ratios (OR) for logistic regressions, and unstan-
dardized regression coefficients (B) for linear regressions.
All results were reported with 95% confidence intervals.
The proposed confounders and possible explanatory fac-
tors of the association between anxiety/depression, and
eczema were included in the regression model as covari-
ates in both bi- and multivariate logistic regression analy-
ses. No automatic procedures for including/excluding
variables in the regression model were used.
Age was not regarded a relevant confounder.
Ethics
The study was approved by the Regional Committee for
Medical Research Ethics of Western Norway and the
Norwegian Data Inspectorate.
Results
Descriptive characteristics of the study sample are
reported in Table 1. Any eczema was reported among
36% of the sample, distributed on hand eczema (20.2%),
body eczema (19.8%), and face eczema (9.2%). Both hand
eczema (24.2% in women vs. 15.4% in men) and face
eczema (9.9% vs.8.3%) were more prevalent in women
than in men (p < 0.01). The prevalence of body eczema
was nearly equal in men and women (about 20%).
According to the HADS definitions, 12.9% had current
anxiety only, 4.2% current depression only, and 7.5% co-
morbid anxiety/depression.
Associations between anxiety and depression, and eczema
Anxiety, depression, and co-morbid anxiety/depression
were associated with eczema across all body areas, the
exception being face eczema which was not associated
with depression in the absence of anxiety. Co-morbid
anxiety/depression had a stronger association to eczema
than current anxiety and depression only. The strongest
association was found between face eczema and co-mor-
bid anxiety/depression (Table 2, upper part).
One eczema by gender interaction was found to be sta-
tistically significant in association with anxiety/depres-
sion (Table 2, bottom part), this result is probably due to
statistical chance across 12 interaction analyses, because
with a p-value that was 0.03 for this analysis, only by set-
ting the level of significance at p = 0.025, this interaction
will turn out insignificant. Accordingly, this gender inter-
action would not be robust for a Bonferroni correction.
Analyses were also carried out for "pure" forms of hand,
face and body eczema (that is, not co-occurring with
eczema in other body areas) and anxiety/depression, giv-
ing principally the same results as in the initial analyses,
but generally with weaker associations (results not shown
in table). A dose-response relationship between number
of areas with eczema and anxiety/depression was found
(results not shown in table).
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diagnoses
Adjustment for the somatization and health anxiety
together represented about half the association between
anxiety and depression, and eczema (Table 3, sub-sample
I), somatization being a stronger factor here than health
anxiety. Pearson correlation between somatization and
health anxiety was considerable (r = 0.49, p < 0.01), thus
their explanatory effect for the association is partly over-
lapping.
Linear regression analyses, employing z-scored vari-
ables, showed that somatization and health anxiety were
more strongly associated to eczema than anxiety and
depression, (unstandardized regression coefficient (B) =
0.37 (p < 0.01) for the association between somatization
and eczema, B = 0.22 (p < 0.01) for health anxiety/
eczema, B = 0.20 (p < 0.01) for anxiety/eczema, and B =
0.15 (p < 0.01) for depression and eczema).
Adjustment for Fibromyalgia alone contributed to
some extent and other somatic diagnoses (self-reported
somatic diagnoses and medication for somatic condi-
tions) explained a minor part of the association.
Other covariates
Adjustments for gender, socio-economic factors, occupa-
tion and industry ("wet work" is included here), omega-3
supplement and current smoking did not reduce OR sub-
stantially (Table 3). Adjustments for hormonal contracep-
Table 1: Descriptive characteristics.
Variables N at risk Percent
Age
Mean 43.0
SD 1.41
Range 41-48
Gender (males) 7115 45.3
Married/living with a partner (yes) 11718 74.6
Current smoking (yes) 5424 34.5
Household Income
0-17800 EUR 857 5.5
17815-47490 EUR 7122 45.3
47500 EUR or more 7086 45.1
Education
Compulsory only 2871 18.3
Secondary, non-university 7193 45.8
University 5651 36.0
Physical health*
No diagnosis 11203 71.3
1 diagnosis 3253 20.7
2 diagnoses 889 5.7
3 or more 370 2.4
Fibromyalgia (yes) 1053 6.7
Parity1
0 children 699 8.1
1 or more children [combined in this table only] 7732 89.9
Hormonal contraceptives2 (yes) 1672 19.4
HRT1 (yes) 414 4.8
SD, standard deviation; HRT, Hormonal replacement therapy (Oestrogen tablets or plaster);
EUR, Euro.
*Self-reported somatic diagnoses and medication for somatic conditions
1Women only (N = 8600).
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for the association of interest (Table 3, lower part).
The association of interest (including candidate con-
founding/mediating factors) was also analyzed applying
HADS as a continuous variable, and with linear regres-
sion models. All conclusions were confirmed applying
this approach.
Discussion
The present study confirmed previous findings of an
association between anxiety and depression, and eczema
[2-8,47-49]. But more important, the study adds to the
current knowledge on the understanding of possible con-
tributing factors in this association. Somatization and
health anxiety accounted for about half of the association
between anxiety/depression, and eczema, and the associ-
ations of interest were insignificant after this adjustment.
Female gender and omega-3 fatty acid supplements have
in psychodermatological literature been proposed as con-
tributing factors relevant for the association of between
anxiety, depression, and eczema, but we were unable to
provide empirical support for these hypotheses.
The present study has several strengths, one of them
being the epidemiological population-based design
avoiding selection biases commonly found in clinical con-
texts.
Among the most important limitations to our study is
the self-report of eczema, which precludes sub-classifica-
tion beyond report of body area involved. Theoretically,
several forms of eczema could be included in the eczema
group due to the general form of the eczema questions
used in our study. It is not uncommon, however, to
employ a wider definition of eczema in large epidemio-
logical studies. In a study by Hanifin and Reed, [50] the
term "empirical eczema" was defined by several skin
symptoms that resemble the skin symptoms listed in the
HUSK questionnaire used in our study. Further, the valid-
ity of several self-reported skin complaints against clini-
cal signs was explored in a Norwegian, population-based,
validation study [51], finding that self-reported skin com-
plaints can be a valid tool for quantifying and exploring
skin diseases at population level. The use of self-reported
eczema represents a risk of misclassification (both false
positive and false negative cases compared to the result of
Table 2: Associations between anxiety and depression, and eczema.
Anxiety Depression Both
OR 95%CI OR 95%CI OR 95%CI
Men and women
Any eczema 1.49* 1.35-1.64 1.25* 1.04-1.49 1.55* 1.36-1.76
Hand eczema 1.41* 1.26-1.59 1.26* 1.02-1.54 1.32* 1.13-1.53
Face eczema 1.54* 1.32-1.79 1.27 0.96-1.69 1.67* 1.37-2.03
Body eczema 1.47* 1.31-1.65 1.43* 1.17-1.75 1.59* 1.37-1.84
Women
Any eczema 1.40* 1.23-1.58 1.16 0.88-1.53 1.66* 1.39-1.98
Hand eczema 1.28* 1.11-1.47 1.07 0.78-1.47 1.25* 1.02-1.52
Face eczema 1.41* 1.16-1.71 0.97 0.60-1.60 1.66* 1.29-2.14
Body eczema 1.49* 1.29-1.73 1.44* 1.05-1.98 1.59* 1.30-1.94
Men
Any eczema 1.54* 1.30-1.81 1.42* 1.13-1.78 1.42* 1.16-1.73
Hand eczema 1.49* 1.22-1.84 1.69* 1.29-2.21 1.44* 1.12-1.84
Face eczema 1.71* 1.33-2.21 1.59* 1.12-2.28 1.67* 1.23-2.26
Body eczema 1.44* 1.19-1.74 1.43* 1.10-1.85 1.59* 1.28-1.98
Interaction terms
Any eczema by gender 0.91 0.74-1.12 0.82 0.57-1.18 1.17 0.90-1.52
Hand eczema by gender 0.86 0.67-1.10 0.63* 0.42-0.96 0.87 0.63-1.19
Face eczema by gender 0.82 0.60-1.13 0.61 0.34-1.11 1.00 0.67-1.48
Body eczema by gender 1.04 0.82-1.32 1.01 0.67-1.52 1.00 0.74-1.35
OR, odds ratio; CI, confidence interval. *p < 0.05.
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Anxiety Depression Both
Cumulative adjustments OR 95%CI OR 95%CI OR 95%CI
Total sample (N = 15715)
None 1.49* 1.35-1.64 1.25* 1.04-1.49 1.55* 1.36-1.76
Gender 1.45* 1.31-1.60 1.31* 1.09-1.56 1.55* 1.36-1.77
SES1 1.43* 1.30-1.59 1.28* 1.07-1.53 1.52* 1.33-1.73
Occupation/Industry 1.43* 1.30-1.59 1.26* 1.05-1.51 1.50* 1.31-1.71
Omega-3 supplement 1.42* 1.29-1.58 1.26* 1.06-1.51 1.50* 1.31-1.71
Current smoking 1.43* 1.26-1.51 1.26* 1.05-1.51 1.50* 1.31-1.72
Subsample I (N = 7024)
None 1.45* 1.24-1.69 1.41* 1.10-1.81 1.60* 1.32-1.95
Gender and SES1 1.40* 1.19-1.63 1.43* 1.11-1.84 1.56* 1.27-1.90
Fibromyalgia 1.37* 1.17-1.60 1.40* 1.08-1.80 1.51* 1.24-1.85
Other somatic diagnoses2 1.34* 1.15-1.57 1.40* 1.08-1.80 1.47* 1.20-1.80
Somatization3 1.15 0.98-1.35 1.27 0.98-1.64 1.21 0.97-1.50
Health anxiety 1.10 0.93-1.31 1.23 0.95-1.60 1.17 0.93-1.47
Adjusted for all factors above4 1.09 0.92-1.29 1.22 0.94-1.59 1.19 0.94-1.51
Female sub-sample (N = 8600)
None 1.40* 1.23-1.58 1.16 0.88-1.53 1.66* 1.39-1.98
SES1 1.39* 1.22-1.57 1.14 0.86-1.51 1.64* 1.38-1.96
Hormonal contraceptives 1.39* 1.22-1.57 1.14 0.86-1.50 1.64* 1.38-1.96
HRT5 1.38* 1.22-1.57 1.14 0.86-1.50 1.63* 1.37-1.95
Parity 1.38* 1.22-1.56 1.14 0.86-1.50 1.62* 1.36-1.94
OR, odds ratio; CI, confidence interval;
*p < 0.05.
1Educational level, marital status and income;
2Self-reported somatic diagnoses and medication for somatic conditions;
3 Somatic symptoms included in symptom criteria of the ICD-10 diagnosis F45.0 Somatization disorder (skin symptoms excluded);
4Including occupation/industry, omega-3 supplement and current smoking;
5Hormonal replacement therapy (Oestrogen tablets or Plaster).
a clinical examination), resulting in an underestimation of
the true strength of the association. Meding and col-
leagues reported good agreement between patients' self-
report of hand eczema and dermatologists' judgements
[37,38]. Validation of the question "have you had hand
eczema on any occasion during the last 12 months" indi-
cated false negative answers among 10-12.5% of the par-
ticipants [38]. This population survey is comparable to
our present study, indicating similar extent of misclassifi-
cation.
Another objection to our study, could be that hand
eczema is a singular clinical entity, and that the reliability
and validity of self-reported hand eczema cannot be gen-
eralized to eczema in other areas of the body. However,
we have no reason to assume the validity to be poorer for
other forms of self-reported eczema. In our analyses we
compared face, hand and body eczema and their associa-
tion to mental health, finding that the association was not
restricted to special sub-types of eczema. Future studies
of the validity of self-reported face and body eczema
might be warranted, but while awaiting these, we have to
assume that the validity of self-reported hand eczema can
be generalized to other body areas.
The use of HADS for assessment of anxiety and depres-
sion also implies self-report rather than clinical examina-
tion. Misclassification cannot be excluded, but is likely to
have been random; again resulting in an underestimation
of the true association.
Another important limitation to our study is the use of
a cross-sectional design, precluding inferences regarding
causality for the association between anxiety and depres-
sion, and eczema. Employing a cross-sectional design, it
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toms can result from eczema, or if such symptoms are
part of the causative chain for skin disease.
How can we interpret the finding that somatization and
health anxiety explain most of the association between
anxiety and depression, and eczema? One possibility is
that health anxiety might represent selective attention to
common somatic symptoms [52-54], which again might
increase self-report of eczema. An alternative explanation
could be that anxiety, depression, health anxiety and
somatization are all a consequence of the burden of suf-
fering from chronic eczematous conditions. Another
explanation involves the possibility of a common factor in
anxiety, depression, health anxiety and somatization
which are correlated to eczema. In this perspective, our
finding that somatization and health anxiety account for
much of the association between anxiety/depression, and
eczema might be regarded an artefact resulting from
over-adjustments. However, the finding that somatization
is more strongly associated to eczema than anxiety/
depression makes us speculate that the association
between anxiety/depression, and eczema is actually
driven by somatization. Further, the large confounding
effect of the somatization variable might indicate that it
actually (at least partly) represents somatization, as pri-
mary adjustment for somatic diagnoses hardly attenuated
the association. This does obviously not equivalence to
clinical examinations. Adjustment for somatic diagnoses
prior to symptoms of somatization, in the association of
interest, was our attempt to exclude organic aetiology in
somatization. Using an index based on questions derived
from the somatization diagnostic criteria doesn't have the
same validity as employing a validated instrument, but to
the best of our knowledge, there is yet no well-validated
and widely used instrument for somatization. Acknowl-
edging the limitations of our measure; adjustment for
somatization (on top of somatic diagnoses) explained
about forty percent of the association of interest.
According to Koblenzer [55] the common origin of the
skin and the central nervous system (CNS) from the
embryonic neuro-ectoderm could explain the ongoing
two-way physiologic communication between emotional
input, CNS functioning, and cutaneous expression. Con-
tinuing Koblenzer's line of thought, it might be specu-
lated that some forms of eczema and somatization may
be mediated through a common immunological factor. A
possible common immunological factor in eczema and
somatization could be cytokines, which are known to be
involved in the immunological mechanisms underlying
eczema [56] and suggested by Dantzer [57] to underlie
somatization. Dantzer suggests that stress (psychological
included) can induce sensitization of the cytokine system
in the brain, which further may lead to symptoms of
mood disorders (anxiety and depression), and expression
of somatic symptoms that resemble those seen in somati-
zation [57]. According to ICD-10 [20], some skin symp-
toms (skin spots and discoloration of the skin) are already
included in the symptom list for F45, somatization disor-
der. So, another possibility could be that somatization
may lead to psychological stress reactions in the body,
and psychological stress has been found to worsen or
trigger outbursts of eczema [1].
Omega-3 fatty acid intake is also hypothesized to
account for the association of interest [7,12,13], but our
results provide no support for this hypothesis. It might be
objected that omega-3 fatty acid intake was measured by
self-report of dietary supplements (cod liver oil) only, and
in fairly moderate doses, further omega-3 fatty acid con-
tent in regular diet was not accounted for. There are obvi-
ous limitations to our omega-3 fatty acid measure,
possibly reducing expected effect sizes. However, if
omega-3 fatty acid intake was a major factor in explaining
the association, we would expect at least some attenua-
tion of the association of interest. Further, we cannot
exclude the possibility that a higher daily intake of
omega-3 fatty acids than reported in this study is needed
to demonstrate a mediating effect.
A gender-specific association between eczema and
depression has been suggested by Timonen et al.
[7,13,26]. Stratified analyses by gender, and testing of the
interaction-term eczema by gender did not support this
hypothesis, even if one significant gender-interaction was
found across 12 analyses, but in this analysis the associa-
tion between hand eczema and depression was stronger
in men than in women, the opposite of Timonens hypoth-
esis.
In the light of an epidemiological population-based
study we have been able to examine several of the sug-
gested contributing factors in the association between
anxiety/depression, and eczema. The lack of support for
different candidate explanations for the association of
interest might be somewhat surprising. We note that
somatization and health anxiety accounted for most of
the association. The literature on somatization in eczema
is scarce, and should be examined more thoroughly in
future studies. Beyond the candidate explanatory factors
discussed here, we are left with speculations as to biologi-
cal mechanisms involved. Future research into the aetiol-
ogy underlying the association between anxiety and
depression, and eczema might benefit from including the
concept of somatization and health anxiety.
Conclusions
The current study confirmed previous findings of an
association between anxiety and depression, and eczema,
but somatization and health anxiety accounted for more
than half of the association of interest, and the associa-
tion was insignificant after this adjustment.
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uting factors in the association between anxiety/depres-
sion, and eczema such as omega-3 fatty acid supplement
and female gender.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
AM planned and supervised the study. MK planned, drafted and consecutively
revised the manuscript. MK and AM performed the statistical analyses. KGG
and AM critically revised the manuscript. All authors read and approved the
final manuscript.
Acknowledgements
The data collection was conducted as part of the Hordaland Health Study 
(HUSK), that was carried out from October 1997 until June 1999, in collabora-
tion with the Norwegian National Health Screening Service. We acknowledge 
Professor Alv A. Dahl at the Department of Clinical Cancer Research, Rikshospi-
talet-Radiumhospitalet Trust, Oslo, Norway for facilitation in the initial phases 
of the project. Professor Stephen Stansfeld at the Queen Mary's School of Med-
icine & Dentistry in London is acknowledged for his careful advice. Professor 
Ingvard Wilhelmsen at the University of Bergen is acknowledged for insightful 
advice in the final phases of the project.
Author Details
1Department of Adult Psychiatry, Aalesund Hospital, Helse Sunnmore HF, N-
6026 Aalesund, Norway, 2Department of Neuroscience, Norwegian University 
of Science and Technology, MTFS, NO-7489 Trondheim, Norway, 3Research 
Centre for Health Promotion (HEMIL), Faculty of Psychology, University of 
Bergen, Christiesgt. 13, N-5015 Bergen, Norway and 4Division of Mental Health, 
Norwegian Institute of Public Health, Pb 4404 Nydalen, NO-0403 Oslo, Norway
References
1. Koo J, Lebwohl A: Psycho dermatology: the mind and skin connection.  
Am Fam Physician 2001, 64(11):1873-1878.
2. Niemeier V, Nippesen M, Kupfer J, Schill WB, Gieler U: Psychological 
factors associated with hand dermatoses: which subgroup needs 
additional psychological care?  The British journal of dermatology 2002, 
146(6):1031-1037.
3. Jowett S, Ryan T: Skin disease and handicap: an analysis of the impact 
of skin conditions.  Soc Sci Med 1985, 20(4):425-429.
4. Garrie SA, Garrie EV: Anxiety and skin diseases.  Cutis 1978, 22(2):205-208.
5. Kuruvila M, Gahalaut P, Zacharia A: A study of skin disorders in patients 
with primary psychiatric conditions.  Indian J Dermatol Venereol Leprol 
2004, 70(5):292-295.
6. Hashizume H, Takigawa M: Anxiety in allergy and atopic dermatitis.  Curr 
Opin Allergy Clin Immunol 2006, 6(5):335-339.
7. Timonen M, Jokelainen J, Hakko H, Silvennoinen-Kassinen S, Meyer-
Rochow VB, Herva A, Rasanen P: Atopy and depression: results from the 
Northern Finland 1966 Birth Cohort Study.  Mol Psychiatry 2003, 
8(8):738-744.
8. Timonen M, Hakko H, Miettunen J, Karvonen JT, Herva A, Rasanen P, 
Koskinen O, Zitting P: Association between atopic disorders and 
depression: findings from the Northern Finland 1966 birth cohort 
study.  Am J Med Genet 2001, 105(2):216-217.
9. Duchen K, Bjorksten B: Polyunsaturated n-3 fatty acids and the 
development of atopic disease.  Lipids 2001, 36(9):1033-1042.
10. Peet M, Stokes C: Omega-3 fatty acids in the treatment of psychiatric 
disorders.  Drugs 2005, 65(8):1051-1059.
11. Bourre JM: Dietary Omega-3 Fatty Acids and Psychiatry: Mood, 
Behaviour, Stress, Depression, Dementia and Aging.  J Nutr Health Aging 
2005, 9(1):31-38.
12. Timonen M, Horrobin D, Jokelainen J, Laitinen J, Herva A, Rasanen P: Fish 
consumption and depression: the Northern Finland 1966 birth cohort 
study.  Journal of affective disorders 2004, 82(3):447-452.
13. Timonen M, Jokelainen J, Silvennoinen-Kassinen S, Herva A, Zitting P, Xu 
B, Peltola O, Rasanen P: Association between skin test diagnosed atopy 
and professionally diagnosed depression: a Northern Finland 1966 
Birth Cohort study.  Biol Psychiatry 2002, 52(4):349-355.
14. Pekkanen J, Xu B, Jarvelin MR: Gestational age and occurrence of atopy 
at age 31--a prospective birth cohort study in Finland.  Clin Exp Allergy 
2001, 31(1):95-102.
15. Kemppainen L, Makikyro T, Jokelainen J, Nieminen P, Jarvelin MR, Isohanni 
M: Is grand multiparity associated with offsprings' hospital-treated 
mental disorders? A 28-year follow-up of the North Finland 1966 birth 
cohort.  Social psychiatry and psychiatric epidemiology 2000, 
35(3):104-108.
16. Johansson SG, Bieber T, Dahl R, Friedmann PS, Lanier BQ, Lockey RF, 
Motala C, Ortega Martell JA, Platts-Mills TA, Ring J, et al.: Revised 
nomenclature for allergy for global use: Report of the Nomenclature 
Review Committee of the World Allergy Organization, October 2003.  
The Journal of allergy and clinical immunology 2004, 113(5):832-836.
17. Klokk M, Gotestam KG, Mykletun A: There are no association between 
IgE levels and symptoms of anxiety and depression in the adult female 
general population. The Hordaland Health Study (HUSK).  Nordic journal 
of psychiatry 2007, 61(6):410-417.
18. Hashiro M, Okumura M: Anxiety, depression and psychosomatic 
symptoms in patients with atopic dermatitis: comparison with normal 
controls and among groups of different degrees of severity.  J Dermatol 
Sci 1997, 14(1):63-67.
19. Gupta MA: Somatization disorders in dermatology.  International review 
of psychiatry (Abingdon, England) 2006, 18(1):41-47.
20. WHO, ed: The ICD-10 classification of mental and behavioural 
disorders: clinical descriptions and diagnostic guidelines.  Geneva: 
World Health Organization; 1992. 
21. Ahmar H, Kurban AK: Psychological profile of patients with atopic 
dermatitis.  The British journal of dermatology 1976, 95(4):373-377.
22. Hiller W, Rief W, Fichter MM: Dimensional and categorical approaches to 
hypochondriasis.  Psychological medicine 2002, 32(4):707-718.
23. Karvonen JT, Joukamaa M, Herva A, Jokelainen J, Laksy K, Veijola J: 
Somatization symptoms in young adult Finnish population--
associations with sex, educational level and mental health.  Nordic 
journal of psychiatry 2007, 61(3):219-224.
24. Lieb R, Meinlschmidt G, Araya R: Epidemiology of the association 
between somatoform disorders and anxiety and depressive disorders: 
an update.  Psychosomatic medicine 2007, 69(9):860-863.
25. de Waal MW, Arnold IA, Eekhof JA, van Hemert AM: Somatoform 
disorders in general practice: prevalence, functional impairment and 
comorbidity with anxiety and depressive disorders.  Br J Psychiatry 2004, 
184:470-476.
26. Timonen M, Jokelainen J, Herva A, Zitting P, Meyer-Rochow VB, Rasanen P: 
Presence of atopy in first-degree relatives as a predictor of a female 
proband's depression: results from the Northern Finland 1966 Birth 
Cohort.  The Journal of allergy and clinical immunology 2003, 
111(6):1249-1254.
27. Sanne B, Mykletun A, Dahl AA, Moen BE, Tell GS: Occupational 
differences in levels of anxiety and depression: the Hordaland Health 
Study.  Journal of occupational and environmental medicine/American 
College of Occupational and Environmental Medicine 2003, 45(6):628-638.
28. Zigmond AS, Snaith RP: The hospital anxiety and depression scale.  Acta 
psychiatrica Scandinavica 1983, 67(6):361-370.
29. Kessler RC, DuPont RL, Berglund P, Wittchen HU: Impairment in pure and 
comorbid generalized anxiety disorder and major depression at 12 
months in two national surveys.  The American journal of psychiatry 1999, 
156(12):1915-1923.
30. Mykletun A, Stordal E, Dahl AA: Hospital Anxiety and Depression (HAD) 
scale: factor structure, item analyses and internal consistency in a large 
population.  Br J Psychiatry 2001, 179:540-544.
31. Bjelland I, Dahl AA, Haug TT, Neckelmann D: The validity of the Hospital 
Anxiety and Depression Scale. An updated literature review.  Journal of 
psychosomatic research 2002, 52(2):69-77.
32. Roness A, Mykletun A, Dahl AA: Help-seeking behaviour in patients with 
anxiety disorder and depression.  Acta psychiatrica Scandinavica 2005, 
111(1):51-58.
33. Mykletun A, Overland S, Dahl AA, Krokstad S, Bjerkeset O, Glozier N, Aaro 
LE, Prince M: A population-based cohort study of the effect of common 
Received: 13 May 2009 Accepted: 22 April 2010 
Published: 22 April 2010
This article is available from: http://www.biomedcentral.com/1471-5945/10/3© 2010 K okk et a ; lic nsee BioMed Central Ltd. is an Open Access article distributed under th  terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Dermatology 2010, 10:3
Klokk et al. BMC Dermatology 2010, 10:3
http://www.biomedcentral.com/1471-5945/10/3
Page 10 of 10mental disorders on disability pension awards.  The American journal of 
psychiatry 2006, 163(8):1412-1418.
34. Moen BE, Hollund BE, Torp S: A descriptive study of health problems on 
car mechanics' hands.  Occup Med (Lond) 1995, 45(6):318-322.
35. Meding B: Epidemiology of hand eczema in an industrial city.  Acta 
Derm Venereol Suppl (Stockh) 1990, 153:1-43.
36. Meding B, Barregard L, Marcus K: Hand eczema in car mechanics.  
Contact dermatitis 1994, 30(3):129-134.
37. Svensson A, Lindberg M, Meding B, Sundberg K, Stenberg B: Self-
reported hand eczema: symptom-based reports do not increase the 
validity of diagnosis.  The British journal of dermatology 2002, 
147(2):281-284.
38. Meding B, Barregard L: Validity of self-reports of hand eczema.  Contact 
dermatitis 2001, 45(2):99-103.
39. Williams HC: Smoking and psoriasis.  BMJ (Clinical research ed) 1994, 
308(6926):428-429.
40. Dierker LC, Avenevoli S, Stolar M, Merikangas KR: Smoking and 
depression: an examination of mechanisms of comorbidity.  The 
American journal of psychiatry 2002, 159(6):947-953.
41. Lenzi A, Lazzerini F, Marazziti D, Raffaelli S, Rossi G, Cassano GB: Social 
class and mood disorders: clinical features.  Social psychiatry and 
psychiatric epidemiology 1993, 28(2):56-59.
42. Overland S, Glozier N, Maeland JG, Aaro LE, Mykletun A: Employment 
status and perceived health in the Hordaland Health Study (HUSK).  
BMC public health 2006, 6:219.
43. WHO, ed: Anatomical, therapeutic, chemical (ATC) classification index 
with defined daily doses (DDDs).  Oslo: WHO Collaborating Centre for 
Drug Statistics Methodology; 1998. 
44. WICC, ed: ICPC-2. International Classification of Primary Care. Prepared 
by the Classification Committee of WONCA.  Oxford: Oxford University 
Press; 1998. 
45. Mykletun A, Heradstveit O, Eriksen K, Glozier N, Overland S, Maeland JG, 
Wilhelmsen I: Health anxiety and disability pension award: The HUSK 
Study.  Psychosomatic medicine 2009, 71(3):353-360.
46. Pilowsky I: Dimensions of hypochondriasis.  Br J Psychiatry 1967, 
113(494):89-93.
47. Laihinen A: Assessment of psychiatric and psychosocial factors 
disposing to chronic outcome of dermatoses.  Acta Derm Venereol Suppl 
(Stockh) 1991, 156:46-48.
48. Wamboldt MZ, Hewitt JK, Schmitz S, Wamboldt FS, Rasanen M, Koskenvuo 
M, Romanov K, Varjonen J, Kaprio J: Familial association between allergic 
disorders and depression in adult Finnish twins.  Am J Med Genet 2000, 
96(2):146-153.
49. White A, Horne DJ, Varigos GA: Psychological profile of the atopic 
eczema patient.  Australas J Dermatol 1990, 31(1):13-16.
50. Hanifin JM, Reed ML: A population-based survey of eczema prevalence 
in the United States.  Dermatitis 2007, 18(2):82-91.
51. Dalgard F, Svensson A, Holm JO, Sundby J: Self-reported skin 
complaints: validation of a questionnaire for population surveys.  The 
British journal of dermatology 2003, 149(4):794-800.
52. Steptoe A, Noll A: The perception of bodily sensations, with special 
reference to hypochondriasis.  Behav Res Ther 1997, 35(10):901-910.
53. Haenen MA, Schmidt AJ, Kroeze S, Hout MA van den: Hypochondriasis 
and symptom reporting--the effect of attention versus distraction.  
Psychotherapy and psychosomatics 1996, 65(1):43-48.
54. Hitchcock PB, Mathews A: Interpretation of bodily symptoms in 
hypochondriasis.  Behav Res Ther 1992, 30(3):223-234.
55. Koblenzer CS: Psychodermatology of women.  Clin Dermatol 1997, 
15(1):127-141.
56. Numerof RP, Asadullah K: Cytokine and anti-cytokine therapies for 
psoriasis and atopic dermatitis.  BioDrugs 2006, 20(2):93-103.
57. Dantzer R: Somatization: a psychoneuroimmune perspective.  
Psychoneuroendocrinology 2005, 30(10):947-952.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-5945/10/3/prepub
doi: 10.1186/1471-5945-10-3
Cite this article as: Klokk et al., Factors accounting for the association 
between anxiety and depression, and eczema: the Hordaland health study 
(HUSK) BMC Dermatology 2010, 10:3
